Proposition O was created to help the City of Los Angeles comply with the Total Maximum Daily Load (TMDL) requirements under the Clean Water Act. In this study, the effectiveness of the Proposition O projects in Los Angeles River watershed was examined to show whether it achieves the goal of meeting water quality standards. Our analysis shows the most effective single project will remove at most 2% of pollutant loads from Los Angeles River Watershed and will not achieve TMDL compliance, although several projects can make important contributions to achieve compliance. The ranking results show that the projects that treat the runoff from the largest drainage area have the greatest impact on the water quality of Los Angeles river.
INTRODUCTION
Stormwater and urban runoff are the major problems to rivers, lakes, beaches and coastal waters because of rapid urbanization and population growth. Many studies have shown that stormwater pollution from urban watersheds significantly impacts surface water quality (Stenstrom & Strecker 1993) because the runoff contains many pollutants such as pathogens, toxic substances, heavy metals, and sediments (Corbett et al. 1997) . In Los Angeles region, the amount of stormwater flow can be up to 380 million L/day on dry-weather days and 38 billion L/day into Santa Monica Bay on wet-weather days (Bureau of Sanitation (BOS)). Dry-weather flows are diverted to wastewater treatment plant during dry seasons and stormwater runoff discharges straight into the rivers and the ocean without treatment, and the mass emission of bacteria and heavy metals often exceeds water quality standards for both dry and wet-weather conditions (LADPW 2006) .
In California, the discharge of dry-and wet weather runoff and nonpoint source pollution are regulated under the Federal Clean Water Act (CWA) and the California Porter-Cologne Water Quality Control Act (Swamikannu et al. proposed and approved by 2/3 of Los Angeles voters in November 2004. It authorized the City of Los Angeles to issue $500 million in general bonds for projects that † protect rivers, lakes, beaches, and the ocean, † conserve and protect drinking water and other water sources, † reduce flooding and use neighborhood parks to decrease polluted runoff, and † capture, clean up, and reuse stormwater.
After screening 52 submitted proposals by city agencies and community and non-profit organizations, 16 projects have been approved so far in addition to a previously approved project that installs catch basin inserts and covers in high trash generating areas to comply with the Trash TMDLs. As of August, 2007, $462,432,715 has been allocated for those projects that were approved by the City Council.
Our previous study focused on the analysis on policy implementation of the Proposition O process to address the issues of public perception of the community solicitation process (Park et al. 2007) . This study evaluated the effectiveness of projects considered for Proposition O implementation to improve water quality. The objectives are to investigate how each project impacts stormwater water quality and helps to meet TMDL requirements especially in Los Angeles River watershed. In addition, the cost-effectiveness of each project was evaluated and all projects in the watershed were ranked based on water quality improvement and cost comparisons.
METHODS

Study area
This study focused on Los Angeles River watershed for both dry and wet weather runoff. The Los Angeles River 
The Los Angeles River flows 82 km from San Fernando
Valley to Long Beach and the majority of the river is lined with concrete for flood control. The river and other water bodies are listed as 2006 303(d) impaired water bodies for trash, ammonia, metals, coliform, as well as other pollutants that are associated with urban runoff. In this watershed, trash, nutrients and metal TMDLs were adopted for the river.
Project evaluation methods
Stormwater pollutant loads from proposed project sites were estimated using the volume-concentration method, which is the product of rainfall runoff volume and pollutant concentrations from each land use in the drainage areas.
Runoff coefficients (RCs) and event mean concentrations (EMCs) for each land use in Los Angeles region are shown in 
RESULTS
Annual wet-weather runoff from the watershed was estimated to be approximately 236 million m 3 /year and the average runoff coefficient of the entire watershed was 0.36. Figure 2 shows the annual runoff volume from each project site. The greatest runoff volume from a project site was 5.4 million m 3 /year, corresponding to 2% of total runoff volume from the entire watershed whereas the smallest runoff volume from a site was less than 0.005% of total runoff from the entire watershed. Table 2 shows the estimated annual dry-and wetweather loads from the watershed. The wet-weather loads were much greater than dry-weather loads except nutrients.
For example, dry-weather bacteria loads were approximately 0.3 -5% of wet-weather loads; dry-weather TSS load was 15% of wet-weather loads; and dry-weather metal load Note that SFR is high density single-family residential, MFR is multiple-family residential, MxdR is mixed residential, C is retail/commercial, E is educational, I is light industrial, T is transportation and V is vacant land uses. SS is suspended solids, N is nitrogen, and P is Phosphorus. Note that n/d represents no data were collected. were 18 -35% of wet-weather loads. On the other hand, dry-weather nutrient loads were 1.3 to 11 times the wetweather loads.
All proposed BMPs in the watershed will have high removal efficiencies for TSS and metals, with maximum removal efficiency of 80% or more. It was expected that most of the BMPs would be appropriate to remove TSS and metal loads discharged to Los Angeles River. However, the removal efficiencies for nutrients and bacteria varied. Table 3 shows the estimated annual dry-and wetweather mass loads generated from the project sites and the loads after treatment by the proposed BMPs with maximum removal efficiencies. The greatest mass loads from a project site for both dry-and wet-weather conditions were 2 -3% of total loads from the entire watershed whereas the least mass loads were less than 0.01% of the loads from the entire watershed. Figure 3 compares the daily mass loads and the TMDLs in wet-weather days. The project with the greatest percentage reduction in the watershed was taken as the example project. The results showed that ammonia-nitrogen TMDLs would be violated five times whereas nitrate-and nitrite- The results show that the projects that treat the largest drainage area had the greatest impact on the water quality of Los Angeles River. The project would also achieve the greatest percentage reduction in the watershed even though the single project would not achieve TMDL compliance.
Even the installation of all proposed BMPs would not be sufficient to meet the TMDL requirements. Additional projects will be required to reliably meet the TMDLs. The ranking results from mass load reduction and cost effectiveness are shown in Figure 6 . The results show that projects treating a large drainage area reduced greater mass pollution while the projects addressing small sites reduced smaller amount of pollutants. Therefore, the (semi-) regional projects with larger drainage area tended to be ranked high.
CONCLUSIONS
Our analysis shows the most effective single projects will remove at most 2% of pollutant loads from the entire Los Angeles River Watershed and no single project will achieve TMDL compliance, although several projects can make important contributions to eventually comply with the TMDLs. The results show that current projects would not be sufficient to retrofit all the problems in the watersheds to meet TMDL regulations. However, the short fall in the required pollutant reductions to meet the TMDLs should not be counted as a failure of Proposition O, since it was not intended to remedy all polluted runoff. In addition, Proposition O can fund only those projects within the jurisdiction of the City of Los Angeles. Therefore, it is required to develop regional projects to meet the TMDL requirements. However, proposed projects in the watershed will contribute to protect the rivers and oceans, and to clean up stormwater by reducing stormwater runoff and pollution.
Our analysis is specific to the Los Angeles area in the sense that the various loads and BMPs are applied to specific areas. The results of the analysis are more general, and suggest that large urban areas that need to comply with TMDLs can best be managed by large projects, treating large areas within watersheds. Furthermore, watershedwide approaches that transcend jurisdictions are required.
Perhaps the first part of any large compliance effort should be the development of ways for diverse agencies to cooperate in implementing a single, watershed-wide approach. 
